In many countries large deposits of copper with no locally established copper based industries occur because known methods for extraction are prohibitively expensive and unaffordable. This study reports on an affordable and sustainable method for the extraction of copper. This was achieved through the use of a wet chemical method which makes use of hydrazones prepared in situ from chicken dung leached solution. The method involves the reduction of copper (II) ions leached from copper ore to zero valence using chlorine treated solution prepared from chicken droppings at a temperature range of 60-70°C. The ore samples were pulverized to 250 micro millimetres and leached with hydrochloric acid to obtain leachate containing copper ions. The dissolved copper was reduced to copper metal and obtained by filtration. It was confirmed by XRFS analysis that, the metal purity was found to range between 60 and 80% depending on the ore used. In another experiment, chicken waste solution was used to extract copper from the ore. To the mixture, chlorine gas was then bubbledthrough a glass delivery tube to prepare the hydrazone in situ at a temperature range of 60-70°C and a pure copper metal was obtained. The findings from this study have shown that there is great potential for the production of copper at low cost and this could be applied in both small-scale cottage industries and large industries using readily available resources such as chicken dung.
Introduction
Kenya is well endowed with a bulk of mineral resources some of which are yet to be exploited (Republic of Kenya, 2001) . Among these resources, copper is found in several minerals with varied elemental compositions. Examples of such compositions occur as chalcopyrite (CuFeS 2 ), bornite (Cu 5 FeS 4 ), chalcocite (Cu 2 S), covellite (CuS), cuprite oxide (Cu 2 O), and malachite (Cu 2 CO 3 (OH) 2 ) among many other minerals (Greenwood & Earnshaw, 1997) . Malachite and sulphides are major deposits in Kenya, with elemental composition of 2.3% Cu found at Macalder in South Nyanza-Kenya (Ogola, 1987) . According to DuBois and Walsh (1970) 4-6% Cu mineral deposits have been reported at Kitere near Kisii and 3-4.55% Cu at Kipkomo near Kapenguria. More copper minerals were identified near Voi Hill where the assaying content was found to be 8.2% (DuBois & Walsh, 1970) . Other deposits containing chalcopyrite minerals have also been identified in Tharaka with 0.35-5% copper (DuBois & Walsh, 1970) . Despite the presence of such rich copper deposits, their extraction has not yet been exploited for economic growth.
Currently the extraction of copper is performed using a pyrometallurgical process that involves the use of electricity as well as coal, both of which are expensive. The use of fossil fuels in extraction produces carbon dioxide which contributes to global warming. The other method used is solvent extraction followed by electro-winning (SX-EW). This method is applied in Zambia, the Democratic Republic of Congo and in Uganda (Kasese Cobalt Company Ltd., 2007; Wills, 2011; Yager, 2016) . The pyrometallurgical process involves the thermal treatment of minerals and metallurgical ores and concentrates (after froth flotation). The net result is a physical and chemical transformation of minerals to pure metals, intermediate compounds or alloys which are suitable as feed for further processing (Adalbert, 2005) . The methods are capital intensive and require suitable technologies. To overcome these issues, this study aims to offer solutions to the demand for copper at reduced cost. In order to achieve this, the use of a suitable reducing agent was investigated. This involved reducing copper ions using selective reducing agents that were prepared using readily available materials to produce hydrazones and then to use them as reducing agents in a wet chemical process. Such derivatives are prepared by interacting ammonia or urea with chlorine in basic media, as shown in equations (1) Bourdauducq & Schirmann, 2002) .
The hydrazine produced was found to react further with alkanones and hydrazones to form other forms of hydrazones, which are also strong reducing agents as shown by equations (3) and (4). (Day & Whiting, 1988) .
The reduction potential of hydrazine in a basic environment occurs as shown in equation (5) below.
This shows that hydrazine can effectively be employed in the reduction of various metal cations to their elemental state. This was reported by Chen and Lim (2002) while investigating the recovery of precious metals of silver and copper in synthesized wastewater in batch reactors. In their study they used hydrazine as the reducing agent as shown by reactions 6 and 7 below (Chen & Lim, 2002) .
In this study uric acid, amine and amide compounds obtained from decomposing chicken droppings (herewith referred to as biomass) were used to prepare the hydrazone derivative reducing agent. The chlorination of the chicken waste biomass leached solution in alkaline media produced compounds capable of reducing copper ions to zero valence. The nitrogenous uric compounds in the biomass are suitable ligands that are capable of forming complexes with all forms of copper in the ore and make it soluble and thus available for the reduction of the metal. This method has an advantage in that cupric ion, when compared to others, forms very stable complexes with amino acids when the reaction mixture is heated to a temperature above 60°C (Kurtz, 1949) . This is unlike other metals which are oxidised to higher insoluble states allowing a separation of copper with other transition metals to occur. This is reported by Kurtz (1949) who stated that copper has the ability to mask a-amino groups from reagents which attack unprotected amino functional groups elsewhere in the molecule. This method forms copper complexes in alkaline media, as the ligand is protonated in acid solutions (Lampeka & Gavrish, 1990) . This enables dissolved copper to be reduced to copper metal and recovered by filtration, in this study.
Methodology

Materials and reagents
All reagents were of analytical grade and Millipore water was used to make all the solutions in this study, unless otherwise stated. Chicken dung was obtained from poultry farmers in Thika, Kenya. Chlorine was supplied by BOC Nairobi-Kenya. All other chemicals and reagents were of analytical grade from Sigma Aldrich (London, UK).
Sampling
The samples were obtained from the Maragwa location and Kamwathu sub-location, Tharaka North Sub-County of Tharaka Nithi County at locations 0°18′S38°8′E and 0°21′S38°11′E respectively. Samples were chosen at random from ten quarries which were within Journal of Sustainable Mining 17 (2018) 202-208 one to 2 km from each other. A mattock was used to dig and break the rocks and a shovel was used to scoop out the soil and rocks. A kilogram of mineral samples was collected from a depth of 30 cm and another kilogram was collected from a depth of 1 m from the sample site. The samples were transported to the laboratory and pulverized to 250 micro millimetres using a ball mill.
Mineralogical analysis using XRD
A sample, 30 g of pulverized ore, was put into XRD sample holder and its mineral content was analysed using a Bruker D8 Advance Diffractometer which had data collector software. The XRD spectra obtained from the analysis before treatment was used to determine the mineralogical composition of the rock samples.
Elemental analysis using XRF
The elemental composition of solid samples was performed using the X-ray fluorescence spectrophotometer model S1Titan-Bruker. This was carried out in accordance to the test method D-6376 (ASTM, 2007) . The finely ground samples of 250 μm were each placed in the XRF cup and irradiated with an X-ray beam. The intensities of the fluorescent characteristic X-rays of the elements present were directly proportional to the concentration of each respective analyte.
Leaching of copper from its ores
A sample, 200.0 g, of the ore was weighed and placed into a 1 L beaker and 500.0 ml of 2.0 M HCl was added. The mixture was left to equilibrate for 1 h. The resulting solution was filtered and the filtrate transferred into a volumetric flask then diluted to 1 L.
Preparation for chicken waste solution
A mass of 1 kg of chicken defecate was put into a desiccator. To this, 2.0 L of water was added and the mixture stirred for 5 min to ensure a uniform mixture. The content was covered and left to dissolve the amino compounds. The mixture was filtered using a 300 μm sieve to obtain the chicken waste solution and the functional groups in the solution were then monitored after every three days for 15 days using the FTIR Spectrophotometry model Alpha 1005 4238 from the Bruker instrument in ATR mode, in accordance with the test method D 7624-10 (ASTM, 2010).
2.7.
Optimisation studies on the reduction of copper ions from leachate using chlorinated chicken waste solution 2.7.1. The pH optimisation A solution of 100 ml of chicken waste solution was put into a 200 ml beaker. The pH and the temperature were recorded. To this solution, 30 ml of the leachate ore was then added and chlorine gas bubbled in the resulting mixture for 6 min with constant stirring. While stirring, 20 ml of chicken waste solution was slowly added until no further precipitate was observed. The chlorine flow rate was measured using a gas flow meter (model 270134.003 from TA Instruments). The resulting mixture was filtered and the percentage of copper present was later determined using XRF. The procedure was repeated by varying the pH from 7.0 to 12.7 using 1.0 M NaOH.
Chlorine bubbling time optimisation
After obtaining the optimal pH, the chlorination period was varied from one to 6 min before the addition of the leachate. All experiments were performed at optimal pH while ensuring all other parameters were constant. The content of the copper present was later determined. Table 1 Elemental analysis of some selected copper deposits in Tharaka Nithi County.
Sample reference Journal of Sustainable Mining 17 (2018) 202-208 2.7.3. Temperature optimisation After establishing the optimal pH and the suitable chlorine content, the procedure was again repeated while holding the pH constant at 11.0 and the chlorine bubbling time at 3 min, but with varied temperature between 28°C and 90°C at intervals of 5°C and then 10°C. In each case, the precipitate formed was filtered and dried in an oven at 40°C and the content of the copper was determined.
In situ extraction and reduction of copper
A solution, 100 ml, of the chicken waste was put in a 250-ml beaker and 1.0 g of the ore was added and the content stirred for 20 min. The content was filtered using a 300 μm sieve. More of the chicken waste solution was added to bring the volume to 200 ml and the pH was adjusted to 11.0. The mixture was then heated at 70°C and chlorine gas bubbled for 3 min. The content was cooled, filtered using Whatman filter paper (number 4) and the residue dried in an oven at 40°C. The procedure was repeated using different masses of 2-10 g at intervals of 2.0 g, but the previously obtained optimal parameters were maintained. The content of the copper was then determined.
The procedure was repeated whilst holding the temperature at 70°C, the mass of the ore at 6 g and chlorine bubbling time at 3 min, but varying the time for stirring using the magnetic stirrer from one to 16 min at intervals of 2 min. The content was cooled and filtered using Whatman filter paper number 4 and the residue dried in an oven at 40°C.
Results and discussion
Mineralogical analysis using XRD
A mineralogical analysis of the ore was carried out and the results obtained were as presented in Fig. 1 below. The results show that copper minerals in Tharaka Nithi County exist mainly as chalcopyrite. A few deposits indicated the presence of covellite whose diffraction angle theta was found to be 33.0, 29.5 and 48.0 upon analysis. Other minerals that have a significant presence are silica inform of quartz whose diffraction angle was 37.0, and albite whose diffraction 38.0, 22.0 and 26.5, and hematite minerals at an angle of 
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Elemental analysis using XRF
The results of elemental analysis from the ten selected deposits are given in Table 1 .
The results show that copper content ranges between 1 and 9% which is better content than some of the exploited ores found elsewhere. One example is from the Democratic Republic of Congo where ores grade between 2.68 and 2.96% (Yager, 2016) . In Chile copper deposits range between 0.4 and 1.0% (Kuck, 2014 (pp. 108-109) ) while in South Africa copper deposits grades are between 0.49 and 0.56% (Groves & Vielreicher, 2001) . Botswana is another country in Africa that mines copper from ores and their average composition is between 1.3 and 1.5% copper (Discovery Metals Ltd., 2012). In Zambia all the mines have average composition of 0.5-2.3% copper (Haglund, 2013) . This shows that the minerals found in Tharaka Nithi with a composition that vary between 1.93 and 9.66% are more viable for commercial extraction.
Synthesized hydrazine from the chicken waste solution
The product obtained after the chlorination of the chicken waste 
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Journal of Sustainable Mining 17 (2018) 202-208 solution was analysed and the spectra obtained is given in Fig. 2 . The results show that chicken waste contain contains the -OH and -NH functional groups as evidenced by absorption of radiation at the region between 3000 and 3500 cm, -SH functional group due to the signal at 2500 cm −1 , carbonyl functional group due to the stretching frequency stretching between 2000 and 2200 cm −1
, -NH 2 group stretching at 1634 cm , and the -CN group is found at 1334 cm −1 . The -C=O and -NH 2 groups are found in amine and amide compounds. These compounds found in the bio material are potential sources for making hydrazones when suitable oxidizing agents are used. For the sake of comparison, AR grade hydrazine hydrate was analysed using FTIR and the spectra is provided in Fig. 3 .
Results show that the hydrazine contained all the functional groups found in chicken waste except the N-N stretch which was found at the range between 1090 and 1020 cm −1 . After the chlorination of chicken waste in the alkaline media a spectra was obtained and is provided in Fig. 4 below.
The results show the emergence of a band at 1090 cm
. This could be due to induced vibration excitation of the N-N covalent bonds, as reported by Giguère and Liu (1952) . This shows that a reducing agent, either symmetrical or unsymmetrical hydrazine, was produced (O'Neill et al., 1984) . This product is prepared after chlorine gas reacts with sodium hydroxide as given in equation (8) (Greenwood & Earnshaw, 1979) .
The produced sodium hypochlorite oxidises amines and amides to hydrazones, as previously shown in equations (1)-(3). Other possible products are illustrated by equation (9) below (Bourdauducq & Schirmann, 2002; Day & Whiting, 1988) .
3.3.1. Optimized results 3.3.1.1. Optimized pH of chicken waste solution. Results of pH optimisation are as presented graphically in Fig. 5 . The results show that at strongly acidic environment no copper was produced as the reduced metal was dissolved by the acid. The emergence of precipitation started at a pH of 6.0 and increased with the increase in pH up to a plateau after pH 11.0. The region between pH of 6.0-11.0, is the region where there sodium hydroxide was available, forming sodium hypochlorite. The sodium hypochlorite produced oxidises amines forming hydrazones which are a strong reducing agent. The resulting hydrazones were responsible for the reduction process. Thus the reduction was found to be best in strongly basic media.
3.3.1.2. Optimized time for the chlorination of the chicken waste solution. The appropriate time for the chlorination of the chicken waste solution was investigated and the results obtained are presented in Fig. 6 .
The results show that bubbling chlorine gas into the chicken waste for 3 min was a sufficient period of time for the formation of the hydrazones required to reduce the copper ions in the solution. After that interaction period, the mass of the product remains constant because all the copper ions have been depleted.
3.3.1.3. Optimal temperature for the formation of hydrazones from chicken waste solution. Hydrazones are temperature sensitive compounds. The temperature of the chlorination process was therefore monitored and the results obtained are presented in Fig. 7 .
The results show that as the temperature increases to 70°C, the kinetic energy of the particles increases. This results in the increase of collisions between particles, therefore leading to the formation of hydrazones. Temperatures above 70°C lead to decreased precipitate formation. This shows that the amino compounds present in chicken dung become denatured at temperatures above 80°C, hence affecting the formation of hydrazine which is responsible for the reduction of the metal in the ore.
3.3.1.4. Optimal masses for the in situ reduction of ore using chicken waste solution. Copper from varying masses of different ore was extracted and reduced in situ. The results obtained are presented in Fig. 8 .
A graph of mass of the ore used in the extraction against mass of the precipitate produced. The results show that the amines and uric acids in chicken waste can complex copper ions from ores just like the acid leached solution. Therefore the copper ions obtained from 6.0 g of the ore were later reduced by hydrazones species prepared in situ. However, the mass of the ore used varied depending on the composition of copper in the ore.
3.3.1.5. Kinetics of the extraction and in situ reduction of copper using chicken waste solution. After establishing that 6.0 g was a suitable mass for the stoichiometric reduction of the copper ions, this study Table 3 Results of in situ extraction and the reduction of copper using the chicken waste solution.
Sample Trial 1(gms) investigated the rate of reduction and the results obtained are given in Fig. 9 . The results show that 8 min was sufficient time for 100 ml of chicken waste solution to complex copper into ions from 6 g of the ore sample and subsequently reduce copper to zero valence as shown in equations (10) and (11) below (Chen & Lim, 2002) .
(10)
After optimisation of the various parameters, the method was applied for the extraction of copper from different acid leached ores and the results obtained are presented in Table 2 .
The results show that a high percentage of copper was first obtained from acid digested ores and this was then reduced to zero valence using chlorinated chicken waste solution. The leachate had less contamination of alumina, phosphorous, calcium and silica. This is why all copper produced had high purity of over 60% copper. The insitu extraction procedure was also applied for the extraction of copper and the results obtained are presented in Table 3 .
In this experiment, the percentage of copper extracted using in situ extraction and the reduction method was low. The fact that some of the hydrazones acted as a ligand to extract the copper from ore into solution to make it available for reduction contributed to this fact. However, copper extracted from this method was found to have a high percentage of impurity compared to the acid leached ore. The reason for high purity may be due to the fact that oxides of aluminium and silicon did not dissolve during the in situ/reduction method. The low percentage purity of copper was also attributed to the formation of amine mesoporous silica nanoparticles (amine-MSN) with the formula (Si r O x C y NHz) (Batista et al., 2016) . This interaction between silica and amines introduces impurities to the reduced copper. Equally, amines formed a complex with phosphorous pentoxide, CaO and Fe, hence introducing impurities to the copper extracts. Although the percentage of the extract was low, the purity of copper was high. This proves that chicken waste can produce a purer quality of extracted copper, but with lower content.
Conclusions
The study successfully converted leachate from chicken waste into hydrazones by treating it with chlorine. The resulting product was then applied to reduce copper in a solution leached from its ore. It was found that the reduced zero valent copper was 60-85% pure. This confirms that the chlorine treated chicken dung leached solution has potential for the extraction of copper from its ores at low cost. This would create awareness around the fact that waste products, such as chicken waste, can be applied to extract copper from ores with a percentage content of between 1 and 9%. The method was investigated in a laboratory scale, but can be up scaled to produce copper for industrial use.
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